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作为微食物环（Microbial Loop）和微型生物碳泵（Microbial Carbon Pump, MCP）




无机营养盐对海洋异养细菌利用溶解有机碳（Dissovled Organic Carbon, DOC）
的影响，研究结果如下： 
室内培养实验，选取好氧不产氧光合细菌（ Aerobic anoxygenic 
phototrophic bacteria, AAPB）菌株 JL354，以葡萄糖为单一碳源并添加了不同
浓度的无机营养盐的培养基进行培养。结果表明：首先，在单一葡萄糖碳源
的条件下，增加培养基中的无机营养盐可促进 JL354 的生长及其对葡萄糖的





碳（Particle Organic Carbon, POC）的产量，却提高了颗粒有机氮（Particle 
Organic Nitrogen, PON）的产量，从而不利于细菌产生 POM 进行储碳；最后，



























的类腐殖质荧光组分，这体现了环境中 MCP 转化 DOC 的过程。在贫营养海
区，无机营养盐加富可加速减少类蛋白荧光物质，说明无机营养盐促进该组
































Marine heterotrophic bacteria are important component of the picoplankton, 
play an important role in marine ecosystems, and shoulder the burden of biology 
elements recirculation. The relationship between organic matter and heterotrophic 
bacteria has been the key point of marine heterotrophic bacteria biogeochemistry 
cycles and ecology. As the major component of Microbial loop and Microbial 
Carbon Pump, marine bacteria participate in the main process of the dissolved 
organic carbon (DOC) metabolism. Increasing availability of inorganic nutrients 
has been confirmed to stimulate the growth of phytoplankton in the former studys, 
however, little is known about the impact of inorganic nutrients to bacteria growth 
and carbon uptake. Based on the MCP framework, we conducted the experiments  
to study the effects of inorganic nutrients on the bacterial uptake DOC through 
incubations with one pure culture bacteria strain and with in situ communities 
under different nutrients conditions using biological and chemical parameters. 
Results are showed as follows: 
 For the pure culture experiment, we used one pure culture strain JL354 (one 
model strain of the aerobic anoxygenic phototrophic bacteria, AAPB JL354) as an 
example. Experiments were carried out using glucose as the one only carbon 
source under different nutrients condition. The results showed that: Firstly, under 
one carbon source condition, increasing inorganic nutrients can stimulate the 
bacterial uptake of the glucose. Secondly, the production of fluorescence dissolved 
organic matter (FDOM) in the JL354 incubation existed differences at different 
nutrient gradient. There was no change of protein like fluorescence matter in the 
different nutrient conditions. Humic like fluorescence matter with high molecular 
weight and aromaticity increased along with increasing nutrients, while humic like 
fluorescence matter with low molecular weight and aromaticity decreased 
simultaneously. Thirdly, nutrients could decrease the concentration of particle 















nitrogen (PON), which was disadvantageous for POC storage. Finally, the DOC 
concentration of the final culture medium with JL354 decreased with nutrient 
enrichment. These results showed that increasing inorganic nutrients could 
stimulate the bacterial uptake of DOC and released more CO2 back to atmosphere. 
We conducted the in situ studies in the East China Sea with nutrient gradient 
conditions. Incubations with the enrichment of inorganic nutrients were carried out 
at five stations. The results showed that: firstly, nutrients enrichment had different 
impacts on bacteria at the different environments. Secondly, inorganic nutrients 
could directly excite bacteria in the barren areas of the ECS, while no such change 
occured in the eutrophic area. Thirdly, inorganic nutrients could stimulate bacterial 
growth and the bacterial consumption of the TOC directly, and the DOC might  
mainly be semi-labile DOC. And the semi-labile DOC might contain FDOM such 
as T peak-protein like. Finally, molecular results showed that some bacterial 
community with nasA could be influenced by the nutrients enrichment, which 
could have the ability of utilizing the “one single carbon compound”. 
Marine bacteria were thought as the one of the major components of MCP. 
Both pure bacterial culture in the lab and the incubations in the barren area of the 
ECS showed that more nutrients addition could bring more bacterial carbon 
consumption, stimulated marine bacterial growth. Our results indicated that the 
MCP process could be affected by the inorganic nutrients directly. 
 
























Organic Matter, DOM）可被多种微生物如蓝细菌和真核浮游生物（Mulholland, 
2002）利用，但海洋异养细菌仍是海洋 DOM 的最主要吸收者。Azam 等在综
合了前人研究结果的基础上于 1983 年提出了微生物食物环的概念（Microbial 
Loop），这使异养细菌“二次生产”的功能得到认识（Azam et al., 1983）。一
方面，海洋异养细菌作为分解者，分解水体中大量存在的有机物质，并矿化
营养盐；另一方面，它还能够吸收溶解有机物（Dissolved Organic Carbon, DOC），
将其转化为颗粒有机碳（Particle Organic Carbon, POC），并通过捕食关系将其
传递给更高营养级生物。 
海洋异养细菌广泛分布于全球海域，多样性十分丰富。目前可培养的异
养细菌占总细菌的数量不足 1%。异养细菌的主要类群有 18 个，最常见的有：
变形菌门（ Proteobacteria ）、拟杆菌门（ Bacteriodetes ）和浮霉状菌
（Planctonmycetales）等。其中，变形菌门是种类最多、多样性最高的类群
（Kirchman et al., 2008），由 5 个亚纲组成，即 α亚纲、β亚纲、γ亚纲、δ亚
纲和 ε 亚纲。他们在海洋中分布广泛，从表层到深海均有发现，且在大多数
的区域，他们都是优势群落（Murray et al., 1990）。拟杆菌（Bacteriodetes）又


















环 中 起 着 非 常 重 要 的 作 用 （ O'Sullivan et al., 2004 ）。 浮 霉 状 菌
（Planctonmycetales）也是总细菌分类上的一个主要分支，在海洋 N、C 循环
中起着重要的作用。这个特殊的类群形态多样，结构中含有类似真核的“细














制微生物群落的生物量，包括捕食、病毒裂解等（Kirchman et al., 2008）。本
论文主要关注“Bottom-up”，即环境资源等非生物因素与微生物的相互影响，
因此以下介绍主要以非生物因素为主。 





游生物是 DOM 的最主要来源，这些 DOM 是细胞代谢的副产品，由细胞死亡
和降解所产生。异养细菌是唯一一种既可以产生 DOM，又能以 DOM 作为能
量和物质来源的生物。但目前我们仍缺乏对 DOM 代谢循环过程的了解，而















DOM 组分无法被鉴定（Benner et al., 2002）。在所有已鉴定的 DOM 组分中，
绝大多数为糖类（聚合糖和单糖）、蛋白和脂类（图 1-1, Kirchman et al., 2008）。
一般而言，在上层海洋中，低营养盐海区的 DOM 浓度更高，而高营养盐海




图 1-1 海洋生态系统的 DOM 各种组分的浓度范围（Kirchman et al., 2008） 
Fig. 1-1 The DOM concentration of different components in the marine 





氮元素不仅是细菌生长的必要元素，而且   




开阔海洋的溶解氮气充足（浓度约 1 mmol/L）（Capone et al., 2000），然而只




可达（30~ 0 μmol/L）（Kirchman et al., 2008）。在热带和亚热带海洋生态系统
中，   
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长。   
-
作为生物氮循环中重要的中间产物，在   
-
同化和异化，以及铵盐的
氧化过程中都会形成。   
-
浓度在开阔大洋中极低（<0.1~60 nmol/L）（Dore 
et al., 1996）。海洋细菌的全基因组序列表明，   
-
存在限制浮游生物生长的
可能性，比如 Prochlorococcus spp.（Moore et al., 2002; Rocap et al., 2003）。
贫营养海区的铵盐浓度通常低于 0.05 μmol/L，而某些近岸生态系统则稍高，







很低，真光层区域的   
 -
非常低，通常低于30 nmol/L（Béja et al., 2000; Karl et 
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入的多变性造成的（Kirchman et al., 2008）。 
1.1.2.3 微量元素 
生物必需的微量金属元素分布于世界海洋的大多数区域，包括锰、铁、
锌、钴和镍等，其浓度范围从皮摩尔级到纳摩尔级（Brand et al., 1983; Bruland 






称其为高营养盐低叶绿素（high nutrient-low chlorophyll, HNLC）生态系统，
包括南大洋、亚北极北太平洋和赤道太平洋（Coale et al., 1996; De Baar et al., 






















之间（Kirchman et al., 1995; Kirchman et al., 2005; Robinson, 1993）。基于一系
列低温温度梯度的实验，得出结论：在低温条件下，细菌需要更高浓度的底
物来克服转运酶受到的抑制，以维持细菌生长（Wiebe et al., 1992; Wiebe et al., 
1993）。大多数的研究表明，相较于低纬度温暖的生态系统而言，在高纬度寒
冷的生态系统中，细菌体积更小。然而在-1 ºC到20 ºC的实验研究结果表明，














1.1.3 好氧不产氧光合细菌（Aerobic anoxygenic phototrophic bacteria, AAPB）
代谢特征 
AAPB 是一类以好氧异养生长为主并且兼备光合作用功能的异养细菌类
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